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ABSTRACT 

The  contaadnaata  found  In  canning  flow  blockage  at  the  launch  site 
have  been  analyzed  and  Identified  aa  nitroeyl  tetranltratoferrate.  An  authentic 
aauple  of  thla  aaterlal  was  aynthealted  In  the  laboratory  for  ecaqparleon  purpoeea. 
The  corroalve  action  of  the  oxldlier  on  the  Iron  containing  aaterlala  of  con- 
atruetlona  re  suite  In  the  fonaatlon  of  thla  contaalnant. 
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I.  Infrared  Spectrum  of  Hitroeyl  Tetrenitratoferrate .  k 


I*  iifl1  HOmjTj.  iM 

The  contaminants  present  in  nitrogen  tetroxide  can  seriously  affect  the 
performance  of  hlpropel lant  rocket  motors.  The  deposition  of  impurities  in  the 
oxidizer  can  cause  decreased  NgO^  flew  by  partially  or  completely  clogging 
injectors,  screens,  and  filters  in  the  propellant  line.  One  such  contaminant 
believed  to  be  present  in  any  NgO^  that  baa  come  in  contact  with  iron-containing 
materials  is  nltrosyl  tetranitrato ferrate  (mw).  Although  the  presence  of  this 
compound  in  NgO^  has  been  shown  in  the  laboratory,  its  actual  Isolation  from 
the  oxidizer  used  in  the  field  has  not  been  previously  reported.  This  report 
describes  the  Identification  of  NTNP  as  a  major  constituent  in  the  gel-like 
material  that  causes  blockage  of  a  filter  in  the  transfer  line  between  the 
oxidizer  transport  trailers  and  the  ready  storage  vessel  at  Vandenberg  APB. 


The  stainless  steel  filter  containing  the  contaminants  was  obtained  from 
SLC-IV  West  at  Vandenberg  AFB.  Approximately  18,000  gal  of  had  been  passed 
through  this  filter,  which  was  located  In  the  transfer  line  between  the  oxldlser 
transport  trailers  and  the  ready  storage  vessel.  The  filter  and  Its  contents 
had  minimum  exposure  to  moisture  during  removal  and  were  placed  In  an  air-tight 
stainless  steel  container  while  still  copiously  evolving  ROg.  The  container 
was  transported  to  the  laboratory  at  Aerospace  Corporation  and  then  opened  In 
a  dry  box  under  nitrogen  atmosphere. 

Extraction  of  the  filter  contaminants  with  ethyl  acetate  and  removal  of 
the  solvent  yielded  a  dark  amber-brown  viscous  material.  The  crude  contaminants 
were  purified  by  the  following  procedure:  (l)  dissolution  In  ethyl  acetate, 

(2)  filtration,  (3)  removal  of  the  volatile  from  the  filtrate,  and  (k)  pre¬ 
cipitation  with  fresh  RgO^.  This  purification  process  was  repeated  several 
times  while  excluding  moisture  to  yield  a  light  axfcer  -colored  solid.  The  Infra¬ 
red  spectrum  of  this  compound  (Fig.  1)  was  taken  on  a  halocaTbon  Bull  between 
polyethylene  films  since  RTRF  reacted  with  RaCl  when  placed  directly  on  the 
salt  plate  and  gave  extraneous  absorptions.  Characteristic  absorption  bands 
observed  at  222$,  1597,  1550,  1200,  1013,  976,  and  765  cm”1  are  similar  to  that 
reported  far  RIKF.  Further,  an  authentic  sample  of  HTRF  was  prepared  from  the 
reaction  of  Iran  powder  and  RgO^  in  ethyl  acetate  catalysed  by  ferric  chloride. 
This  synthetic  material  yielded  an  Infrared  spectrum  Identical  to  that  far  the 
Iron  compound  obtained  from  the  filter. 

In  an  analysis  of  HCPe(RO^)^  Iron  (Ref.  5\  a  known  quantity  of  IfWF  was 
dissolved  In  water.  Aliquots  were  taken, and  tbs  Iron  content  of  tbs  solution 
was  determined  colarlmetrlcally  using  o-phenathrollne  as  an  Indicator  an  a 
Beckman  Spectrometer  IK-2  at  510  a^i.  The  procedure  described  In  ASSN  807-56 
was  followed.  The  values  were  obtained  by  a  comparison  with  a  calibration 
curve  obtained  on  standard  iron  solutions: 


Calculated:  16.80 


Found:  16.80 
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Addison,  et  *1.  (Ref.  1),  bare  described  the  synthesis  of  1TCHF  by  the 
reaction  of  with  either  Iron  filings,  ferric  chloride,  or  Iren  pexrta- 
carbcnyl.  Of  particular  Interest  Is  the  first  reaction  lxnrolYing  the  Metallic 
Iron  that  resembles  in  part  the  corrosion  process  taking  place  between 
and  steel  storage  tanka.  ^2°k  reported  not  to  react  with  metallic  Iron 
unless  a  catalytic  quantity  of  Iron  chloride  le  added.  However,  trace  amounts 
of  chlorides  are  known  to  be  present  In  all  propellant  grade  KgO^.  Further, 

In  a  synthesis  program  such  as  that  undertaken  by  Addison,  where  a  relatively 
large  amount  of  the  product  was  expected,  the  formation  of  parts  per  million 
quantity  of  RTHF  could,  be  very  easily  overlooked.  In  fact  Cain,  et  al.  (Ref.  2), 
have  reported  that  the  presence  of  Iran  can  be  detected  a  few  hours  after 
the  oxidizer  le  in  contact  with  the  metal  powder,  stalnleee  steel,  or  carbon 
steel.  This  reaction  Is  limited  hy  the  solubility  of  RTHF  In  the  oxidizer,  end 
the  reaction  stops  when  the  concentration  of  the  Iran  compounds  reaches  1  to  2 
ppm  (determined  as  Iron). 

The  reaction  product  of  HgC^  and  Iron,  Identified  by  Addleon,  was  later 
verified  by  Cain  as  nltrosyl  tetranltratoferrate  (RTHF)  having  the  following 
structure: 

HCRefRO^ 

This  compound  is  frequently  called  ferric  nitrate  HgO^  "adduct"  far  simplicity. 
The  presence  of  RTHF  even  In  low  concentrations  can  bring  about  flow  restriction 
In  the  laboratory  by  complete  blockage  of  a  tiny  orifice  by  the  deposition  of 
crystalline  or  gel -like  contaminant  (Ref.  3)  •  Upon  contact  with  moisture.  It  Is 
readily  converted  to  hydrated  ferric  nitrate,  nitric  acid,  and  nitrous  acids. 

The  iron  contaminants  in  HgO^  can  take  various  forms,  such  as  straw-colored 
solid,  gel,  or  black  oil  (Ref.  k),  depending  on  the  purity  of  the  material  and 
the  water  content  of  the  nedla.  Although  the  eamet  conditions  nsoessary  for 
the  flow  restriction  process  to  occur  are  not  completely  understood,  two  factors 


appear  to  be  important,  ri*. ,  reduction  In  temperature  and  the  presence  of 
email  orifices  In  the  propellant  line.  The  former  causes  the  separation  of 
the  adduct  out  of  solution,  and  the  latter,  a  location  for  the  accvaaxlatlon  of 
the  HOT.  Other  factors  such  as  configuration  of  the  orifice,  pressure  drop, 
flow  rate,  and  turbulence  are  also  believed  to  Influence  the  deposition  of  HTHF. 

The  Isolation  and  Identification  of  HOT  from  the  field  Is  difficult  due 
to  Its  extremely  hygroscopic  nature.  This  compound  Is  generally  converted  to 
hydrated  ferric  nitrate  before  it  can  be  transferred  to  the  laboratory  for 
analysis.  However,  this  compound  together  with  other  contaminants  can  be  col¬ 
lected  by  passing  a  large  volume  of  HgO^  through  fine  filters .  In  this  study, 
by  taking  precautions  to  minimise  exposure  to  moisture,  the  contents  of  the 
filter  were  transferred  to  the  laboratory  for  analyses.  HOT  was  Isolated  and 
purlfladby  extraction  with  dry  ethyl  acetate  and  re  precipitation  with  fresh 
HgO^.  lbs  Infrared  spectnmi  of  this  compound  taken  an  a  h&locaxtoon  mull  between 
polyethylene  film  (Tig.  1)  showed  absorption  bends  essentially  Identical  to  that 
reported  for  HOT.  Its  structure  was  further  verified  by  comparison  of  the 
spectrum  of  an  authentic  sample  of  HOT  prepared  by  the  reaction  of  Iron  powder 
with  HjjO^  In  ethyl  acetate. 

Further  substantiation  of  the  HOT  structure  was  carried  out  by  analyses 
for  Iron  and  nitrite  Ions  after  hydrolysis  and  determination  of  Its  equivalent 
weight  by  titration  with  a  base.  The  results  are  In  agreement  with  the  structure 
*a*e(l Oj)*. 

m  addition  to  HOT,  other  contaminants  were  also  found  to  be  collected  In 
the  filter.  The  residue  (approximately  20 i>  of  total  contaminant),  after  extrac¬ 
tion  with  etb-'l  acetate,  was  divided  Into  a  water  soluble  and  Insoluble  portion. 
The  former  was  found  to  be  primarily  ferric  nitrate  monohydrate,  which  probably 
resulted  from  the  hydrolysis  of  HOT.  The  water  Insoluble  fraction  consisted 
of  brownish-black  magnetic  material.  An  x-ray  diffraction  pattern  taken  on  this 
material  showed  this  solid  to  be  a  mixture  of  Fe^  and  FegO^. 

The  major  contaminant  trapped  In  the  filter  has  been  identified  as  tbs 
ferric  nitrate  HgO^  "adduct."  A  sufficient  quantity  of  this  material  can  be 
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collected  to  result  in  flow  restriction  In  the  propellent  line  of  the  oxidizer 
loading  unit  at  the  rocket  launch  site.  Ibis  Iron  compound  results  from  the 
reaction  of  NgO^  with  the  Iron  containing  material  of  construction.  Since  the 
oxidizer  Is  manufectured  In  stainless  steel  apparatus  and  transported  and  stared 
In  either  stainless  or  carbon  steel  equiiment,  It  appears  that  all  NgO^  (unless 
specially  purified)  will  contain  KTHF.  Further,  If  the  oxidizer  bad  undergone 
considerable  fluctuation  in  tenperature  over  an  extended  period  of  tine,  it  nay 
contain  a  ouch  higher  quantity  of  JfTKK  than  realised  froa  the  solubility  data. 
Ubder  these  conditions.  It  can  exist  as  a  separate  phase  In  the  oxidizer  in  the 
fan  of  a  eolld,  gel,  or  an  oil. 

The  oxides  of  Iron  are  believed  to  result  from  the  action  of  wet  KgO^  with 
carbon  steel.  Indications  are  available  which  show  that  when  the  water  content 
of  the  oxidizer  la  high  (such  aa  incomplete  drying  of  transport  trailers  after 
hydrostatic  testing)  a  larger  quantity  of  Iron  oxides  Is  observed  In  the  oxi¬ 
dizer. 

An  aqueous  solution  of  HXnF  In  water  was  analyzed  for  nitrite  Ion  (Ref.  6) 
by  a  colorimetric  method  using  sulftalllc  acid  and  a-naphthylamlne  (Orlees 
reagent).  The  ferric  Ion  which  Interferes  with  this  analysis  was  complexed 
with  the  addition  of  1)1  HF  solution.  Comparison  of  the  absorption  to  a  standard 
curve  yielded  the  -value  for  nitrite  content. 

Calculated:  13 .80  Found:  13 .9% 

In  the  determination  of  equivalent  weight,  a  solution  of  IRHF  can  be  titrated 
with  base  to  a  pH  endpoint  of  5-7  according  to  the  following  equation: 

HCJeOlQj)^  +  5  OH"  -  Fb(OH)3  +  k  HQ"  +  lfo£  + 

Equivalent  weight  of  the  Iron -containing  compound  from  the  filter  can  be  calcu¬ 
lated  by  the  above  equation. 


Calculated:  67.80 


Found:  67.3 0 
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11  abstract 


The  contaminants  found  in  Hloj,'  causing  flow  blockage  at  the 
launch  site  have  been  analysed  and  identified  as  nitrosyl 
tetranltratoferrate.  An  authentic  sample  of  this  material 
sas  synthesised  in  the  laboratory  for  comparison  purposes. 
The  corrosive  action  of  the  oxidizer  on  the  Iran  containing 
materials  of  constructions  results  in  the  formation  of  this 
contaminant.  \ _ 
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